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Bilinguals with different language backgrounds (LBs) develop their 
second language reading skills using different modes of processing (Muljani, 
Koda, & Moates, 1998).  These differences, often referred to as visual vs 
phonological, have been attributed to the transparency of the orthography-
phonology mappings of their first written language (L1) (Franceshini, Gori, 
Ruffino, Pedrolli & Facoett, 2012). The aim of this study was to investigate 
the extent to which the contrasting linguistic structures of Singaporean 
simultaneous bilinguals’ home languages influence lexical and non-lexical 
processing of English words and nonwords. Mandarin-English (n=30) and 
Malay-English (n=30) bilinguals (age range 6years 2 months to 8years 11 
months) were matched pairwise for age, nonverbal intelligence, and English 
receptive vocabulary, and performance on phonological awareness (PA), 
visual processing (VP),  single-word and pseudoword reading tasks was 
assessed  in a 6-month longitudinal design.  Consistent with the orthography-
phonology relationships in their home languages, the results showed that the 
Mandarin-English children had developed significantly better visual 
processing ability whilst the Malay-English children had developed 
significantly better phonological awareness. However, there were no 
significant group differences in overall reading performance, and the separate 
hierarchical regression analyses revealed that PA at T1, but not VP, predicted 
reading accuracy at Time 2 for both bilingual groups for real words and 
pseudowords.. Pedagogical implications and limitations are briefly discussed.  
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 To learn to read is to light a fire; every syllable that is spelled out is a spark. 
 — Victor Hugo, Les Miserables 
Introduction 
 The importance of reading cannot be overstated but learning this crucial 
skill is not a simple task.  Reading is an active cognitive process which involves 
gaining access to meaning by decoding the visual symbols that represent speech 
in a language. For optimal reading in English, a child needs to map the distinctive 
visual symbols onto units of sound, through a process known as phonological 
recoding. Mastery of this acquisition process will enable access to known words 
in the child’s aural/oral vocabulary. To complicate matters, a significant number 
of English learners today are bilinguals, and many of them are acquiring literacy 
in another language simultaneously. The implications of concurrent exposure to 
languages with different phonological and orthographic systems is now attracting 
the attention of psychologists and teachers, but understanding the full complexity 
of reading acquisition for different types of bilinguals requires further research.  
In this thesis, potential differences in reading acquisition between Mandarin-
English and Malay-English speaking children are explored.   
Cognitive-linguistic processes underlying reading 
 For the successful acquisition of English literacy by monolingual speakers, 
a wide-range of component skills is needed.  According to the Convergent Skills 
Model of Reading Development (Vellutino, Tunmer, Jaccard, & Chen, 2007), the 
visual analysis of printed words is mediated by language-based abilities, 
especially the phonological system in beginning readers. Empirical tests of this 
model show that there are developmental differences in terms of the weights 
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assigned to these components as determinants of reading ability (see Vellutino et. 
al, 2007 and Figure 1), making it a more precise representation of the complexity.  
 In addition, the model takes into account the pre-eminence of phonological 
skills and the indirect contribution made by the visual skills as determinants of 
success in beginning reading. In the theoretical model (see Figure 1 again), 
certain cognitive abilities are presumed to underlie reading subskills. On the 
extreme left are independent latent constructs defining Visual Coding and 
Phonological Coding abilities, the most fundamental cognitive abilities that 
underlie the acquisition of reading. On the extreme right are the three dependent 
constructs that define reading ability: Context Free Word Recognition, Language 
Comprehension and Reading Comprehension. Each path coefficient shows the 
strength of a hypothesized causal relationship between two constructs, while 
holding all other effects constant. Each directional arrow is accompanied with two 
coefficients; one for the ‘Younger group’ (developing readers in Grades 2 and 3, 
aged 6-7 years) and another for the ‘Older group’ (Grades 6 and 7 readers, aged 
10-11 years). 
 In this model, Phonological Coding refers to the ability to use speech codes 
to represent information linguistically.  This is a critical component by virtue of 
its direct and indirect contributions to several other components such as speech 
segmentation (Phonological Awareness), alphabetic mapping (Phonological 
Decoding), Context Free Word Identification and Spelling.  
 Visual Coding refers to the ability to code, and retrieve stored visual 
information. This skill seems to play an essential role in visual word recognition.  
Vellutino et al. (2007) operationalized visual coding using an experimental test of 
memory for spatial locations which had been found to correlate significantly with 
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other visual-processing abilities. The test comprises individual visual patterns 
presented on 9-cell or 12-cell matrices. Each matrix was presented for two 
seconds and the participant was required to reproduce the dot pattern from 
memory. 
Figure 1. The Convergent Skills Model of reading development (Vellutino, et. al., 2007). 
Note: The Coefficients for the Younger group is listed above those for the Older group. 
  
 In Vellutino’s model, and in other research (e.g., Adams, 1990; Byrne, 
1998; McBride-Chang, 1995; Rayner, et al., 2001), there is a greater emphasis on 
the phonological contributions to Context Free Word Identification, as compared 
to the visual skills. While the independent latent construct, Phonological Coding 
has a direct path to Context Free Word Identification, there is no such direct 
causal relationship made between Visual Coding and Context Free Word 
Identification. In addition, there is an inverse relationship between Visual 
Analysis and Context Free Word Identification for the two age groups. 
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Figure 2. Cognitive processes and knowledge in beginning reading (Vellutino, et. al., 2004).  
 The Convergent Skills Model is built on the premise that there are 
knowledge, skills and abilities that make up the components of literacy (Figure 2).  
The reading acquisition process depends on a wide range of knowledge and skills, 
which are in turn dependent on reading-related linguistic and non-linguistic 
cognitive abilities. 
 While the Convergent Skills Model of reading development seems to 
account well for the acquisition of English reading skills, it should be noted that 
the study was conducted on participants from a predominantly English-speaking 
city in the US (New York). It remains unclear how the model will account for 
bilingual children’s acquisition of English reading skills. Bilingual learners are 
exposed to more than one language, and so the learning experiences in one 
language might affect their reading acquisition processes in the other language 
(Katz & Frost, 1992). 




 The potential effects of cross-linguistic processing are important because 
the majority of the world’s population is bilingual (Grosjean, 2010; Richard, 
1999). In Singapore, where the bilingual education policy is strictly enforced in 
mainstream schools, children are expected to be able to read and write in at least 
two languages.  The complexity involved in biliteracy is not yet understood. A 
recent review of 102 research articles published between 2000 and 2013 on early 
reading by typically developing, preschool-age bilinguals found that the greatest 
source of variability was related to how bilingualism was defined and measured 
(Barac, Bialystok, Castro & Sanchez, 2014).  However, the  findings were 
conflicting: Some bilingual reading researchers have shown that there exists a 
strong relationship between the bilinguals’ language competence and their 
reading skills (e.g., Proctor, Carlo, August & Snow, 2005) while others showed 
only a minimal relationship (Durgunoglu, Nagy, & Hancin-Bhatt, 1993). Hence 
the classification of bilinguals is important because the construct is multi-
dimensional and best understood as occurring on a continuum (Beardsmore, 
1986), from full competence in all skills in one language plus limited knowledge 
of a second, to full competence in two or more languages. 
 However, there are different ways to classify a bilingual, depending on the 
dimension:  by degree of fluency or competence, the age of acquisition or 
exposure of each language (early versus late; simultaneous versus successive, or 
sequential), the amount of input for each language (dominant versus balanced), 
and the language status of each language (majority versus minority), among 
others. What is most important is that a bilingual should be viewed as an 
integrated whole with a unique and specific linguistic configuration, and not a 
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sum of two monolinguals (Grosjean, 2008). This means that models of reading 
for monolingual English-speaking children might not be appropriate for bilingual 
children learning English as their first or second language.  
 Growing up in a bilingual environment from a young age involves the 
juxtaposition of two language systems, both in terms of phonology and later 
orthography. Depending on the type of bilinguals, the following relationships 
between the two developing linguistic systems might be applicable: 
(i) A single system underlying both languages;  
(ii) Two separate systems which develop independently (The Separate 
Development Hypothesis – De Houwer, 1990, 2009); 
(iii) Two separate systems which may influence each other during 
development. 
Hence the decision about the type of bilinguals to investigate must precede the 
evidence for what effect bilingualism has on these young dual-language learners.  
  
Figure 3: The Bilingual Interactive Activation (BIA+) model (Dijkstra & Van Heuven, 2002).  
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 Dijkstra and van Heuven (2002) proposed the Bilingual Interactive 
Activation (BIA+) Model (Figure 3), a model for bilingual word recognition 
which assumes that the bilingual’s two languages are integrated not only at the 
semantic level, but also at the orthographical and phonological levels. They 
hypothesized that bilinguals access the phonological representations in their 
lexicon in a non-selective way.  
 Frisen and Jared (2012) built on the BIA+ model by exploring the cross-
language phonological activation in language pairs that share similar language 
and orthographic properties. They found that among English-French and French-
English bilinguals, there was cross-language phonological activation of 
semantics. Zhou, Chen, Yang and Dunlap (2010) conducted four experiments 
with Chinese-English bilinguals, all undergraduate participants who learnt 
English as their second language after the age of 12, to investigate the hypothesis 
of language nonselective access to an integrated lexicon. Because the two 
languages under study have no orthographic overlap, any influence of 
orthographic similarity on cross-lingual phonological priming effects is 
potentially ruled out. The results showed that access to phonology of Chinese and 
English words was language nonselective, thus extending the hypothesis of BIA+ 
to phonological representations of two different scriptal systems.  
Age of Acquisition and Language Exposure 
 Due to the inherent complexity and variation in the linguistic input that 
bilingual children experience, it is of theoretical and practical relevance to 
consider the amount of input in the respective languages during acquisition. A 
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broad definition of the term “Age of Acquisition” (AoA) refers to the age when a 
new word enters the child’s lexicon (Ellis & Lambon-Raph, 2000).  
 Early language exposure is a major contributor to language outcomes, 
regardless of the number of languages a child is learning. For children in dual-
language environments, one source of variation is the differences in the degree to 
which learners are exposed to each of their languages (Hoff, Core, Place, 
Rumiche, Señor & Parra, 2012; Patterson & Pearson, 2004). Some bilingual 
children are exposed to one language more often than the other, while others may 
experience a more balanced exposure. The nature of a child’s linguistic 
experience is also a key component in language acquisition and growth. Hart and 
Risley (1995) found that the total number of words toddlers heard from their 
caregivers was most predictive of the number of words they knew at age three.  
 Behavioural research showed that there is a decline in the bilinguals’ 
linguistic competency in the language that is acquired beyond age 3 years (Guion, 
2005), which is consistent with neuroimaging research which demonstrated that 
brains of the adult bilinguals showed non-native patterns when their bilingual 
exposure was beyond age 3 years (Perani, et al., 2003). These findings suggest 
that there is a ‘sensitive period’ in child development within which the child 
develops heightened sensitivity to particular linguistic information. The degree of 
dual language mastery has been hypothesized to be strongly linked to the age that 
the children are first exposed to their two languages. Children will acquire the 
majority of their linguistic competence in the language/s they are exposed to by 
the age of 3 years (Brown, 1973; Werker & Tees, 1992) as it corresponds to the 
major period of brain development for language acquisition (Diamond, 2002).  
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 Kovelman, Baker and Petitto (2008) compared early bilinguals (age of first 
exposure 0-3 years) and sequential bilinguals (age of first exposure between ages 
3-4 years and 5-6 years). Results showed that the early bilinguals outperformed 
the other two groups, achieving monolingual-like performance in reading 
development in both languages, suggesting that the age of first bilingual exposure 
is an important factor in understanding the acquisition of dual languages and must 
be considered in the selection of participants for bilingual studies.  
 Simultaneous bilingual children are exposed to both languages during 
infancy and early childhood (Patterson, 2002). According to Yip (2013), 
simultaneous bilinguals are introduced to both languages at the same time, or 
around the same time, and each language is used between 40% to 60% of the 
time. This is commonplace in the Singapore context, where it is a national policy 
to cultivate among the citizens a bilingual proficiency in the English Language, 
and a mother tongue language that is officially assigned based on one’s ethnic 
group. Consistent with literature and for the purpose of the present study, children 
who have been exposed to both languages for about the same amount of time in a 
day by the age of 3 years are considered as Simultaneous Bilinguals. 
 Thus far our understanding of the ‘Simultaneous Bilinguals’ in Singapore, 
in terms of their phonological awareness and acquisition of English word reading 
skills is limited. Most studies in the literature either do not specify the age of 
acquisition (or exposure) of either languages, or they focused on sequential 
bilinguals, with English as the first or second language (e.g., Yeong & Rickard 
Liow, 2012, on English-L1/Mandarin-L2 vs Mandarin-L1/English-L2). The main 
aim question addressed in this research was the extent to which cognitive-
linguistic skills acquired in the first language (L1) are applied, or transferred to 
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the acquisition of the second language (L2). This suggests there remains a gap in 
our understanding of simultaneous bilingual acquisition of English reading skills. 
Moreover, the language acquisition process of bilinguals who are exposed to two 
different alphabetic scripts should not be assumed to be the same as bilinguals of 
one alphabetic script and one logographic script.  This is because word processing 
in a particular language is highly dependent on the orthography that the language 
possesses, and the impact of the writing system on the reading development of 
that language should be taken into account. 
The Orthographic Depth Hypothesis (ODH) 
 Katz and Frost’s (1992) Orthographic Depth Hypothesis (ODH) 
acknowledges the differences in the orthography of different languages and 
proposes that the reading process varies for different scripts. Among alphabetic 
languages, there are varying degrees of consistency between the graphemes and 
phonemes, or orthographic depth (Liberman, Liberman, Mattingly, & 
Shankweiler, 1980). An orthography where the grapheme-phoneme mapping is 
completely consistent is said to be orthographically shallow or transparent; 
whereas an orthography consisting of letters that can be represented by more than 
one phoneme is termed as deep. For example, the writing systems of Malay and 
Finnish are very consistent in grapheme-phoneme correspondences (hence 
‘shallow’ orthographies), unlike those of the English and French language, which 
are deep alphabetic orthographies (Seymour, Aro, & Erskine, 2003). 
 Thus, shallow orthographies should be easier to read using word-
recognition processes that involve phonological recoding, unlike opaque 
orthographies, where visual coding might be more important. Studies have 
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established that orthographic depth does affect both the rate and strategy 
developed for reading (e.g., Cossu, Shankweiler, Liberman, Katz & Tola, 1988; 
Ellis et al., 2002). In general, when the cues to pronunciation are more ambiguous 
(deep orthographies) learners will take longer to learn to read and spell (Seymour 
et al., 2003). In other words, based on the orthographic depth of the target 
language, learners need to adopt appropriate strategies to achieve reading 
development.    
 English orthography is deep because it is both polygraphic and polyphonic; 
polygraphic because some phonemes can be represented by different graphemes 
(e.g.: /k/ in ‘cat’ and ‘key’) and polyphonic because some graphemes can 
represent more than one phoneme (e.g.: /ea/ in ‘tea’ and ‘tear’). Unlike English,  
Malay (Bahasa Melayu) Rumi orthography is shallow with an almost one-to-one 
phoneme-grapheme correspondence and so learners can depend on phonological 
recoding. Mandarin, on the other hand, has an extremely deep orthography – 
much deeper than English. The smallest written units in Mandarin are characters 
representing monosyllabic morphemes, which do not map systematically to 
sublexical phonology units (Perfetti & Zhang, 1991).  Moreover, Chinese 
characters are visually complex and some contain up to 24 different strokes (Shu, 
Chen, Anderson, Wu, & Xuan, 2003). The mappings from spelling to sound are 
therefore less consistent, and depend on phonological radicals, part of a character 
that makes a basic morpheme in the language. In fact, pronunciations of most 
words are typically assessed directly from memory (Shu et. al., 2003).   
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Psycholinguistic Grain Size Theory 
 Ziegler and Goswami’s (2005) Psycholinguistic Grain Size Theory accounts 
for cross-language differences by considering how the grain size of lexical 
representations in the different orthographies lead to varying modes of lexical 
organisation and processing strategies. The success of beginning readers depends 
on three factors: availability of phonological units, consistency of phoneme-
grapheme correspondence, and the granularity of spelling-to-sound mappings. 
 The grain size is primarily determined by the amount of graphic information 
needed for phonological extraction. In phonologically shallow writing systems, 
such as Rumi Malay, where the grapheme and phoneme correspondences are 
regular and consistent, the required grain size is at the phoneme level. In contrast, 
for deep orthographic systems such as English, phonological processing will 
require a larger grain size, such as syllables and rimes. For non-alphabetic 
languages such as Mandarin, morphemes appear to be the optimal unit size 
(McBride-Chang, 2005).   
 According to the grain size theory, inconsistency affects psycholinguistic 
units in varying degrees; larger grain sizes are less inconsistent than the smaller 
grain sizes. As a result, beginning English learners need to develop recoding 
strategies at more than one grain size. They may develop sensitivity, or sublexical 
strategies at the larger grain sizes, and then gradually refine their sensitivity to 
distinguish the smaller units (Seymour & Evans, 1994).  Because they have to 
develop strategies at more than one grain size, the acquisition process is longer 
than that of shallow orthographies. 
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 Goswami (1986, 1988) argued that an important recoding strategy that must 
be acquired by English learners is the rhyme analogy strategy (e.g. using ‘cat’ to 
read ‘hat’). In Brown and Deavers’ (1999) study, participants read two sets of 
nonwords, one of which had regular consistent orthographic rimes (e.g., deld), 
while the other contained irregular consistent nonwords (e.g., dalk). If the 
participants employed a small unit strategy (that is, at the grapheme-phoneme 
correspondence), they would read dalk as /dælk/ and not /dɔ_k/ (which is 
supposed to rhyme with talk). Results showed that the participants used both 
small and large grain sizes, but the less skilled readers predominantly gave the 
small grain size responses while the more proficient readers gave mostly the large 
grain size responses. This seems to suggest that reading acquisition starts with 
small grain size units and that the poor readers are unable to apply the strategies 
based on large grain sizes (such as rhyme analogy), hence relying on the small 
grain size strategy. However, if the language is an orthographically consistent 
one, there will be no extra advantage in using either strategy.  
 In a bid to investigate the learners’ use of the whole-word recognition 
strategy, that is the use of a lexical (very large grain size) rather than sub-lexical 
strategy, Goswami, Ziegler, Dalton and Schneider (2001) investigated the 
strategies used by children to read Pseudohomophones (PsH) – nonwords that 
sound like real words, such as wain. It was found that the English children were 
more affected by the influences from the whole-word recognition strategy than 
the German children who are reading a more consistent orthography. Tapping on 
the phonological familiarity of Pseudohomophones at the whole-word recognition 
level could well be the third reading strategy that young learners of inconsistent 
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orthographies apply to supplement the sublexical recoding strategies, thus giving 
them extra support when reading nonwords. 
 The above findings lend support to Vellutino’s Convergent Skills Model of 
reading, in that both Visual Coding and Phonological Coding are the two crucial 
independent constructs that contribute to Context Free Word Reading. Strategies 
used by learners of English will require activation of both coding abilities, albeit 
in varying degrees. The next section will provide an overview on what has been 
learnt about these two cognitive-linguistic variables in relation to bilinguals and 
monolinguals of English, Mandarin and Malay. 
Role of Phonological Awareness in word reading 
 Phonological processing is a major cognitive determinant of English word 
reading skills, especially in the early phases of learning for monolinguals (Adams, 
1990; Bryne, 1998; McBride-Chang, 1995; Rayner, et al., 2001). Phonologically 
encoded information is believed to be better retained in working memory, which 
in turn facilitates the creation of stronger representation of newly encountered 
input, enhancing the oral word learning process (Baddeley, Gathercole, & 
Papagno, 1998).  Thus phonological awareness, a sublexical metalinguistic ability 
to reflect on the sound structure of a language, is one of the strongest predictors of 
future reading abilities in English (Bradley & Bryant, 1983; Goswami & Bryant, 
1990; Sneider, Kuspert, Roth, Vise, & Marx, 1997).   
 Phonological awareness skills progress from the word to the syllable, then 
to the onset-rime and finally, the phoneme (Goswami & Bryant, 1990; Anthony 
& Francis, 2005). This developmental sequence seems consistent across younger 
learners growing up in different linguistic environments (Caravolas & Bruck, 
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1993; Cossu, Shankweiler, Liberman, Tola & Katz, 1988; Wimmer, Landerl & 
Schneider, 1994). Phonological segmentation into onset-rime units and the use of 
orthographic rime analogies have also been shown to be important processes in 
learning to read and spell English (Goswami, 1999, 2000; Treiman et al., 1995).  
 For Mandarin learners, phonological awareness, specifically at the level of 
the onset and rime for homophonous syllables in Chinese, is a predictor of 
vocabulary development and literacy in Beijing children (Siok & Fletcher, 2001). 
Phoneme awareness skills only develop as a consequence of learning an 
alphabetic script (Read, Zhang, Nie & Ding, 1986) such as Hanyu Pinyin. Given 
that phonological information from the Chinese writing system is encoded at the 
syllabic level rather than at the phoneme level, the reading development of 
Mandarin-speaking monolinguals is unlikely mirror that of the English 
monolinguals, or bilingual Mandarin-English speaking children.    
 In general, among bilingual children specific language pairs and language-
specific characteristics have been found to shape metalinguistic skills. The 
linguistic interdependence theory (Cummins, 1991) proposes that the input from 
one language can enhance the conceptual and linguistic proficiency which 
facilitates the transfer of various cognitive-linguistic skills across languages.
 Yeong and Rickard Liow (2012) found that for both English-L1 and 
Mandarin-L1 groups, syllable awareness skills are transferable from L1 to L2. 
However, the same cannot be said for phoneme awareness; the Mandarin-L1 (and 
English –L2) children between the ages of 4 and 5 had better phoneme awareness 
only after increased aural exposure of English across three 6-months intervals, 
though their overall performance was still poorer than their English-L1 
counterparts while the English-L1 children could apply their phoneme awareness 
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in their L2 (Mandarin) by time point 2. It was suggested that the Mandarin-L1 
children were unable to rely on their L1 for phoneme awareness as they mostly 
attained syllable-level awareness due to the nature of the Chinese language. This 
research suggests that phonological awareness is a language-general ability which 
can be transferred cross-linguistically, though the degree to which it occurs is 
dependent on the similarity of phonological structures between the languages. 
 Based on the Psycholinguistic Grain Size theory (Ziegler & Goswami, 
2005), these Mandarin-L1 learners first acquired larger grain sizes owing to the 
morpho-syllabic orthography of their first language, while the English-L1 learners 
had attained the smaller grain size awareness due to the highly inconsistent 
orthography of English. Other experimental studies have also shown that 
phonological information processing in Chinese mostly occurs at the 
morphological or character level, thereby suggesting a different procedure from 
that of a learner of an alphabetic language (McBride-Chang, 2005; Perfetti & 
Zhang, 1991; Perfetti &Tan, 1998). For the case of Mandarin-English bilinguals, 
it would be interesting to investigate if they do utilise phonological processing at 
different levels when reading the two contrasting orthographies of Chinese and 
English.  
Role of Visual Processing in word reading 
 While phonological skills have been found to be a reliable predictor of 
monolingual English-speaking children’s reading skills, other skills such as 
orthographic processing and morphological awareness gain emphasis as the 
learner’s reading ability develops (Cunningham, Perry, & Stanovich, 2001; 
Roman, Kirby, Parrila, Wade-Woolley, & Deacon, 2009). Recent research 
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showed that visual-spatial attention in pre-schoolers significantly predicts their 
future English reading skills (Franceshini, Gori, Ruffino, Pedrolli & Facoett, 
2012), though it was noted that their findings catered more for a highly 
transparent orthography, and that the significance of the visual spatial and 
phonological factors may vary, depending on the transparency degree of the 
languages. 
 Studies that involved learners of non-alphabetic writing systems such as 
Mandarin (logographic) and Japanese (logographic and syllabic) demonstrated 
that in addition to phonological encoding, visual encoding serves as another 
significant source of facilitation in the retention of visually presented input (Mou 
& Anderson, 1981; Saito, Logie, Morita & Law, 2008). In particular, visual skills 
have reliably predicted Chinese and Taiwanese children’s reading skills of 
Chinese characters (e.g., Hanley & Huang, 1997).  Studies have shown that 
logographic-L1 users outperformed their alphabetic counterparts in visual 
recognition and recall (Flaherty, 2000; Mann, 1985) and spatial recall (e.g., 
Salkind, Kojima, & Zelniker, 1978; Stevenson & Lee, 1990; Tavassolli, 2002).  
 While the salience of visual processing skills in reading alphabetic 
languages is not usually emphasized, the importance of visual skills in the 
acquisition of Chinese characters cannot be overlooked (Tzeng & Wang, 1983). 
Because the Chinese character writing system represents morphosyllabic and not 
phoneme-size information, a beginning reader of Chinese would have to 
distinguish and recognise the 3,000 visually different characters that make up the 
syllable and morpheme lexicon of the language through rote learning. Hence it is 
not surprising that learners of such logographic orthographies tend to outperform 
their counterparts of alphabetic orthographies in visual tasks as they have to make 
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fine-grained visual discrimination in order to recognise the characters (McBride-
Chang, Zhou, Cho, Aram, Levin, & Tolchinsky, 2011).  
 Interestingly, research has also found that there could be a bidirectional 
association between visual skills and reading skills (McBride-Chang, Chow, 
Zhong, Burgess & Hayward, 2005); learning to read can enhance one’s visual 
skills. A study that compared learners of alphabetic languages showed that 
unschooled pre-schoolers and adults, presumably illiterate, face more difficulties 
in detecting visual parts within abstract figures when compared to primary school 
children (Kolinsky, Morais, & Content, 1987). In another study, Japanese second 
graders outperformed their American counterparts in their memories for abstract 
visual stimuli (Mann, 1985), arguably owing to their learning of Kanji (a Japanese 
script that is equivalent to the Chinese characters). Theoretically, they add weight 
to the argument that literacy experiences themselves may influence visual spatial 
intelligence (Demetriou et al., 2005), and the deeper the orthography, the more 
enhanced the visual skills will become. 
 There is now robust evidence that bilinguals show an advantage over 
monolinguals in a variety of visual tasks (Bialystok, Craik, Klein & Viswanathan, 
2004). Luo, Craik, Moreno and Bialystok (2013) investigated both visuo-spatial 
and verbal performance in young and old bilingual and monolingual speakers. 
They found that bilinguals outperformed monolinguals in the spatial working 
memory tasks, but achieved lower levels of performance than monolinguals in the 
verbal working memory tasks. Kerrigan, Thomas, Bright and Filippi (2016) 
extended Luo et al.’s (2013) work in investigating whether bilingualism confers 
an advantage in terms of visuo-spatial working memory, using two different tests: 
the change-blindness test (Rensink et al., 1997) and the Corsi blocks task (Milner, 
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1971). The participants were undergraduates who had learnt English as a Second 
Language (ESL) and the orthography of their first language ranges from shallow 
(Greek) to deep (Mandarin and Japanese). Results showed that the bilinguals were 
more accurate than the monolinguals at identifying visual changes.  
 Wang and Geva (2003) also found that Chinese-L1 children were better at 
recalling orthographically illegal (unpronounceable) letter strings (e.g.: ‘PCTH’) 
which required visual-orthographic skills. It was concluded that the Chinese-L1 
individuals rely on their orthographic skills, not just in Mandarin but also when 
decoding an alphabetic L2, due to the emphasis on a visual-orthographic strategy.
 In another study by Ehrich and Meuter (2009) which investigated the 
possible transfer of first language (L1) logographic processing skills to the 
reading of a second artificial logographic script (L2), it was found that language 
learners do transfer L1-specific logographic processing skills. Comparing the 
performance of three different groups on a lexical decision task involving 
artificial logographs, the Chinese-English bilinguals (logographic-L1 learners) 
were found to outperform the English-French bilinguals (alphabetic-L1 learners) 
and English monolinguals, presumably because the Chinese-English bilinguals 
had superior visual processing skills and were able to transfer those skills to an 
orthographically congruent logographic L2.  
 Such transfer of cognitive-linguistic skills across languages has proven to 
be advantageous for the bilinguals. The limited phonological awareness of 
Chinese-English undergraduates in Hong Kong was made up for by their 
extensive logographic processing skills, which allowed them to become skilled 
readers of English (Holm & Dodd, 1996).   
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 The above findings support the view that language background can 
influence strategies for subsequent acquisition of new written languages, as a 
result of the differences in phonology and orthography. 
Present Study 
 Two groups of simultaneous bilinguals with contrasting language 
backgrounds will be compared in terms of their visual processing skills and 
phonological awareness in relation to their reading performances. Based on the 
Orthographic Depth Hypothesis (Katz & Frost, 1992) and the Psycholinguistic 
Grain Size Theory (Ziegler & Goswami, 2005), it was predicted that different 
writing systems would affect the strategies of lexical and non-lexical access 
adopted by the respective learners, since the orthography of a language is 
believed to have an impact on the cognitive-linguistic skills involved in reading. 
(Dehaene, 2009). 
 Coupled with the additional factor of bilingualism, where there is a possible 
inter-play between the two written and oral systems that might influence the 
lexical and non-lexical access to words and nonwords, it is likely that group 
differences in processing will be observed. The main aim of the present study is 
to examine the influence of orthographic depth and the grain size of the 
representation on the reading abilities of Singapore simultaneous bilingual 
children with different language backgrounds.  In particular, the relationships 
between the bilingual children’s visual memory and phonemic awareness at time 
point 1 and their reading performance of words and nonwords at time point 2 (6 
months later) will be examined. 
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 Previous studies on Singaporean bilingual children focused mainly on 
sequential bilinguals, or based on dominance of either language (e.g. Mandarin-
L1, English-L2 children) where it is assumed that the bilinguals were exposed to 
the two languages at different time points. However, over the past decade, the 
usage of English at home has become more prevalent. Concurrent with the rise in 
the overall literacy rate, the number of Singaporean households using English as a 
home language has increased, while the usage of the respective mother tongue 
remained the same or decreased. This is in part due to the successful 
implementation of the bilingual policy in Singapore, where the proportion of the 
population literate in two or more languages rose from 56 per cent in 2000 to 71 
per cent in 2010 (based on figures from Census of Population, 2010 by the 
Singapore Department of Statistics). 
 In view of the rising trend in the usage of dual languages at home, it would 
be appropriate to include simultaneous bilingual children who have been exposed 
to English and one other language, Mandarin or Malay between birth to three 
years of age, with similar amount of exposure to both languages as participants in 
this study. It is also the goal of this study to explore the relationship between 
language development and reading as a function of age of first, intensive and 
maintained bilingual language exposure. This will shed light on how these 
beginner readers develop individual strategies which may be influenced by their 
concurrent exposure to two different home languages.  
The research questions (RQs) for this study are as follows: 
 
English Word Reading among Simultaneous Bilinguals 
22 
 
RQ1: Do bilinguals with different home languages possess different abilities 
in terms of visual processing and phonological awareness?  
 The three languages of interest in this study have contrasting orthographies; 
English is a deep alphabetic language, Malay is a shallow alphabetic language 
while Mandarin has a logographic script. Given the different phonological 
structure and orthography of the languages, we would expect the phonological 
and visual skills of the bilinguals to develop differently.  
 It is hypothesized that the Mandarin-English bilinguals would demonstrate 
stronger visual processing skills, consistent with previous findings (McBride-
Chang, Zhou, Cho, Aram, Levin & Tolchinsky, 2011) as they have to 
discriminate between the different radicals of the characters to read the word, 
unlike the English and Malay languages which do not require such sharp visual 
analysis. However, it should be noted that the Mandarin-English bilinguals do 
have some brief training in Hanyu-Pinyin from age 6-7 years which might 
enhance their phonological (phoneme) awareness.  
 In terms of Phonological Awareness, the Malay-English group is likely to 
outperform the Mandarin-English group in the Phonological Awareness task 
(phoneme deletion) as these learners should be able to apply strategies at both the 
large and small grain sizes due to the highly consistent letter-sound relationships 
in Malay. For the Mandarin-English bilinguals, unless they have received explicit 
phonics instructions, they are more likely to be decoding words at the syllabic 
level (large grain size) given their concurrent exposure to Mandarin, which does 
not require them to have phonological awareness at the phonemic level.  
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RQ2: Do bilinguals with different home languages develop different abilities 
in   i) real word reading, and   ii) Pseudoword reading?  
 For real word reading, taking into consideration the polyphonic nature of 
the English language, it is hypothesized that the Malay-English group will 
perform better, for the regular consistent (RC) and regular inconsistent (RI) words 
as they are likely to have a heavier reliance on their sub-lexical knowledge to 
arrive at the correct pronunciation since these words conform to the one-to-one 
mapping of grapheme to phoneme. Exception or strange words (such as yacht and 
doubt) may not be decoded accurately especially if the learner is looking at it for 
the first time and the strategy applied was using the phoneme-grapheme mapping 
(small grain size) approach. Overall, the Malay-English group will demonstrate a 
main effect of word type in such that they will get more of the Regular Consistent 
and Regular Inconsistent words right, compared to the Exception and Strange 
words.  
 The Mandarin-English bilinguals on the other hand, may do equally well or 
even better in the reading of Exception or Strange words, as they presumably 
have stronger visual memory which will better allow them to store the 
orthographic representations of words. Unlike their Malay counterparts who are 
likely to use both small and large grain sizes to supplement each other as a 
strategy, the Mandarin-English bilinguals are likely to rely more on a lexical 
(morpheme-level) approach. However, if they have not encountered these words 
before, they are unlikely to be able to activate it in their lexicon. So the main 
effect of word type among the Mandarin-English bilinguals depends on whether 
they have seen or heard those words before.  
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 Novel words or nonwords must be decoded using the non-lexical 
knowledge as they do not exist in the lexicon. In this study, there are two sub-
types of nonwords; the Real Pseudowords and Pseudohomophones which are 
largely consistent in the grapheme-phoneme mapping (regular consistent words) 
but the latter group also sound like existing words. Pseudohomophones share the 
same phonological form with a corresponding English word, suggesting a match 
in the phonological lexicon. In other words, they sound like existing words but 
are orthographically unfamiliar. It is predicted that a main effect of word type will 
be observed in that participants are able to read Pseudohomophones better. 
 Granted that the Malay-English bilinguals have access to Bahasa Melayu, 
an orthographically consistent language, they should preferentially use small 
grain size sublexical recoding strategies (Ziegler & Goswami, 2005). It would be 
legitimate to hypothesize that their relatively superior phonological awareness 
will aid them in reading the pseudowords that are matched to regular consistent 
words. However, this same strategy might not work for pseudowords that are 
matched to regular inconsistent words because such words may require rhyme 
analogy to read the words accurately.  
 For the Mandarin-English group, given their learning experience in relying 
on visual skills to read Chinese characters, they may use the whole-word 
recognition approach but it is unlikely that they will arrive at the correct 
pronunciations as these words do not exist in their lexicon, rendering it an 
inefficient way to decode the pseudowords. Their performance in this task is 
dependent on their mastery of the phonological knowledge as well as the rhyme 
analogy strategy, both of which are the sublexical processing skills. Relative to 
the Malay-English group, their PA is likely to be weaker than their counterparts 
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and hence it is predicted that the Mandarin-English group’s performance in the 
pseudowords reading will be weaker than the Malay-English group. Given this, 
there is likely to be an interaction effect of the types of nonwords and the 
language background of the participants. 
RQ3: What role does i) Phonological Awareness and ii) Visual Memory play 
in predicting the early English reading skills of young simultaneous bilingual 
Singaporean students with different language backgrounds? 
 It has been well-established that phonological awareness is a significant 
predictor of early English reading skills among monolinguals and sequential 
bilinguals. Since both the Mandarin-English and Malay-English groups have 
concurrent access to the phonology and orthography of English words from a 
young age,  phonological awareness is likely to remain as a significant predictor 
of reading skills among both groups, albeit to varying degrees.  
 One of the reading strategies in the psycholinguistic grain size theory is the 
use of whole-word recognition. Given the experiences that the Mandarin-English 
bilinguals have in deciphering the Chinese characters visually, visual memory is 
likely to be a significant predictor of their early English reading skills as well 
since these bilinguals could have laterally transferred the strategy of visual 
encoding visually presented input from Mandarin to English. For the Malay-
English bilinguals, it is hypothesized that visual memory will not be a significant 
predictor of their reading skills, as their learning experiences probably do not 
encourage them to utilise the lexical strategy often. 
 





 The study involves a matched-pairs 6-month longitudinal design with 
language background (Mandarin and Malay) as the independent variable. 
Performance in phoneme deletion and Visual Patterns Test (VPT) was measured 
at time point 1; real word reading and pseudoword reading at time point 2. At 
time point 1, a non-verbal intelligence test and receptive vocabulary test were 
administered to all participants as control variables. All tests were administered in 
English.  
For RQ 1, a matched-sample t-test analysis was conducted to investigate the 
relative performances of the two bilingual groups in terms of their visual 
processing and phonological awareness skills.  
For RQ 2, separate two-way mixed ANOVA was carried out to examine the word 
reading and pseudoword reading performance of the participants at time point 2 
(T2).  
For RQ 3, separate hierarchical regression analyses were carried out to explore 
the predictive powers of visual processing and phonological awareness in real 
word and pseudoword reading for the two groups.   
Participants 
 With approval from NUS Institutional Research Board (IRB Code # 13-
551), a total of 96 participants from various student care centres, ranging in age 
from 6 years 2 months to 8 years 11 months were recruited. All participants were 
Primary 1 and 2 students in mainstream government schools and were recruited 
with parental permission. Using the results of the Language Background 
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Questionnaire (Rickard Liow & Poon, 1998; Appendix A), the participants were 
screened and selected based on the following two criteria: i) they must have been 
exposed to both English and one other language (Mandarin or Malay) between 
birth and 3 years of age; ii) the total percentage of usage for each language must 
range between 40% to 60%.  Participation was voluntary and the subjects were 
allowed to withdraw at any time of the research without any obligations or 
consequences. Of the 96 participants, 60 were selected and matched pair-wise for 
age, non-verbal intelligence and receptive vocabulary scores; the data of the 
remaining 36 participants could not be used due to the matching criteria. 
Materials and Procedure 
Language Background Questionnaire 
Parents or the main caregivers of the participants were required to 
complete this questionnaire prior to the start of the data collection. They provided 
information on the languages used with their children, and the age of exposure to 
the respective languages. 
Raven’s Standard Progressive Matrices (SPM) for IQ 
The Raven’s Standard Progressive Matrices test, originally developed by 
Raven (1938), consists of 36 multiple-choice questions.  It is designed for 
children between 5 and 11 years and is widely used as a nonverbal general 
intelligence test involving abstract reasoning and the ability to store and 
reproduce information. All participants completed this individually at time point 
1.  Cronbach’s alpha for internal reliability was .814. 
Bilingual Language Assessment Battery (BLAB)  
A locally developed vocabulary consisting of 80 words that are culturally 
appropriate to our Singapore context, BLAB: Receptive Vocabulary (Rickard 
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Liow & Sze, 2009) that aims to test the receptive vocabulary of the participants 
by requiring them to select a choice from four options based on a given picture 
and a spoken target word. This was also administered individually at time point 1.  
Cronbach’s alpha was .799. 
Visual Coding Skills 
The participants’ Visual Coding skill was operationalised using the Visual 
Pattern Test (VPT) (Della, Baddeley, Gray, & Wilson, 1997). It is a measure of 
non-verbal short term visual memory, similar to the one used in Vellutino’s 
(2007) study. Participants are presented with 30 different matrix patterns of black 
and white squares in black and white grids of varying sizes and increasing 
complexity for three seconds each time. Participants are to memorise and 
reproduce the patterns that have been presented. Since the patterns are almost 
impossible to code verbally, VPT can be considered a purer test of visual recall, 
unlike other visual memory tests.  The original VPT consists of two parallel 
forms, Version A and Version B, each yielding a single score and has high test-
retest and equivalent forms reliability. Only Version A was used and data was 
collected at time point 1. The score is the average of the 3 most complex patterns 
recalled correctly. Cronbach’s alpha was .783. 
Phonological Awareness (PA) 
English PA was operationalised as a 30-item phoneme deletion task. 15 
CVCC and 15 CCVC monosyllabic nonwords were used in the task. The rationale 
for using nonwords was to eliminate the chance that the participants have learnt 
the spelling of the target word, which might confound the results in case they 
accessed the target word via its orthography. The reason for including consonant 
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clusters is because they are prominently found in English words, but not in Malay 
or Mandarin. Native Malay words do not contain consonant clusters, but 
borrowed words from English do (e.g. struktur – from English structure). In 
Mandarin, initial and final consonant clusters do not exist (Chang, 1987); onsets 
are composed of single phonemes and each syllable/morpheme is made up of an 
onset and a rime. This is the reason behind a common problem among Chinese 
learners of English as a Second Language (ESL); they often make an additional 
syllable by inserting a reduced vowel (e.g.: inserting /ə/ - place becomes per-lace) 
or simplify the cluster by omitting the final consonant (e.g.: must becomes mus). 
Hence the phoneme deletion of initial or final consonant of consonant clusters 
will be a good way to understand how the two different groups access the target 
nonwords. 
This is a listening task and the participants were instructed to omit either 
the first, or last phoneme of the consonant cluster of the word (e.g., say ‘kleed’ 
without /k/). Such an analytical task can be more demanding than rime detection 
as it requires the participant to identify the initial/ final phoneme, hold it in verbal 
working memory and isolate it before articulating the final response. The 
phoneme deletion task has been established to be a reliable measure of children’s 
phonological awareness and a strong predictor of reading competence at a later 
age (Ziegler & Goswami, 2005). In a study in which different phonological 
measures were compared, the phoneme deletion (or elision) task is one of the two 
most discriminating tasks in the battery (Schatschneider, et al. 1999). Isolating 
and manipulating individual sounds in words to create a new word or 
pseudoword, is by far the most difficult task for a young learner (Lopez, 2012) 
and is considered the best predictor of reading ability in children by 4th grade 
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(Bryant, MacLean, Bradley, & Crossland, 1990; Muter, Hulme, Snowling, & 
Taylor, 1997; Yopp, 1998).  
The words were obtained from the web-based psycholinguistic resource, 
the ARC Nonword database, and were controlled for length and bigram 
frequencies (position specific frequencies) - Type (BFSC). The Cronbach’s alpha 
obtained for this task was .871. 
Experimental Reading List 
This is an 80-item experimental reading list (Rickard Liow & Tng, 2003) 
comprising of monosyllabic words varying in the psycholinguistic variables of 
interest. It comprises four sub-types of words, which were matched for familiarity 
(frequency) and selected based on the relationships between orthography and 
phonology: Regular Consistent, Regular Inconsistent, Exception and Strange. 
The target stimuli were pre-recorded by a female native speaker in the following 
format: the target word, a disambiguating sentence, and the target word again. The 
list of words can be found in Appendix B. Cronbach’s alpha was .926. 
 
Pseudoword Reading List 
The pseudoword reading list comprises 30 items, of which 27 were 
generated from the ‘Regular Consistent’ words and three were from the ‘Regular 
Inconsistent’ words in the Experimental Reading list. 15 of which are legal non-
words (‘Real Pseudowords’), and the other 15 are pseudohomophones. The goal 
of these pseudowords was to assess the bilinguals’ ability to apply sub-lexical 
sound-to-letter correspondence reading rules to unfamiliar or non-existent words. 
These 30 words were matched with the respective real words on the Phonotactic 
Probability and Neighbourhood Density (Nbor) of each word. Two raw measures 
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of Phonotactic Probabilities were used: Positional Segment sum (S) and Biphone 
sum (B). This is consistent with the approach adopted by Storkel (2013) where 
she highlighted that the control and manipulation of these variables is crucial 
when selecting stimulus. The values were generated using the online calculator 
based on Child Corpus: http://www.bncdnet.ku.edu/cgi-bin/DEEC/post_ccc.vi. 
The Cronbach’s alpha internal reliability is .927. 
All participants were administered the test individually at time point 2 
(T2). They were instructed that all the words sound like English words and were 
given 3 trials prior to the actual test. The list of pseudowords can be found in 
Appendix C. For the pseudoword reading task, one of the Malay-English 
participants was unable to complete the testing as he had withdrawn from the 
centre due to unforeseen circumstances before the test could be administered. 
Hence, the comparison between the two language groups will be based on the 
remaining 29 matched pairs.  
All of the materials above, except the Language Background 
Questionnaire, were administered to individual participants over a few sessions, 
with each session lasting between 15 and 20 minutes.  
Results and Discussion 
A total of 30 Mandarin-English and 30 Malay-English bilinguals were 
matched pairwise for age, nonverbal intelligence, and BLAB, which made up the 
final sample and paired t-tests comparisons show that the pairs were not 
significantly different for all three variables. The descriptive statistics for the two 
language background groups are shown in Table 1.  
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Table 1: Descriptive Statistics of Measures at Time 1 by Bilingual Type 
Measure Mandarin – English 
(n =30) 
Malay – English 
(n =30) 
   
 M SD M SD T df p 
Age (in 
years) 
7.19 .62 7.14 .62 .36 29 .722 
    
Raven’s 
SPM 
23.47 4.14 23.23 4.06 1.27 29 .214 
    
BLAB –
English 
49.27 7.96 48.97 6.51 .18 29 .855 
    
RQ1: Do bilinguals with different home languages possess different abilities in 
terms of visual processing and phonological awareness?  
After matching the participants in terms of age, non-verbal intelligence 
and receptive vocabulary, the two groups’ visual processing and phonological 
awareness are compared pair-wise. Table 2 shows the results of the paired t-tests 
comparisons between the two groups.  
Table 2. Paired t-test (1-tailed) comparisons of phonological awareness and visual 
processing in matched Mandarin-English and Malay-English bilinguals at Time 1. 
Measure 
Mandarin-








tailed) M SD M SD M SD 
Phoneme 
Deletion 15.73 6.48 19.23 6.00 -3.50 9.25 -2.072 29 .024 
VPT 5.81 1.76 4.77 1.25 1.04 1.99 2.869 29 .004 
 
A paired sample t-test showed that the Mandarin-English bilinguals 
demonstrated significantly stronger visual processing skills than the Malay-
English group, t (29) = 2.072, p =.024, as predicted. Similarly, the Malay-English 
bilinguals performed significantly better than the Mandarin-English group in the 
phoneme deletion task, t (29) = 2.869, p =.004. After adjusting for Bonferroni’s 
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corrections, the results revealed that the two groups differed significantly in terms 
of visual coding and phoneme awareness skills. This is consistent with the 
literature that the orthography of a language influences and reinforces different 
cognitive-linguistic skills (Dehaene, 2009; Hoosain, 1991).  
Malay-English bilinguals have to cope with two alphabetic languages, 
albeit of different orthographic depth, and they have shown greater sensitivity to 
the phonology of a given word, particularly at the sublexical or phonemic level in 
this case. By the same token, the Mandarin-English bilinguals have had prior 
experiences with a visually dense logographic language and an alphabetic 
language with deep orthography; hence their language learning experiences may 
have reinforced the lexical processing of words and sharpened the visual 
processing skills. This further lends support to the earlier finding that visual-
spatial skill is a consequence of learning to read (McBride-Chang, et. al., 2011).  
RQ2(i): Do bilinguals with different home languages possess different abilities 
in real word reading?  
A 2 (language background as between variable) x 4 (word types as within 
variable) mixed ANOVA was conducted. There was a significant main effect of 
word type, F(3,174) = 65.23, p < .001, but no significant language background x 
word type interaction. Pairwise comparisons of the main effects of word types 
corrected using Bonferroni adjustments reflects a significant difference for all four 
word types (p <.05): Participants in both groups performed best in the Regular 
Consistent words (Mandarin-English: M = 11.13, SD = 3.46; Malay-English: M = 
10.23, SD = 3.63) and worst in the Exception words (Mandarin-English: M = 7.07, 
SD = 2.03; Malay-English: M = 6.93, SD = 2.50).  
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The lack of a significant interaction effect shows that there was no 
significant difference between the Mandarin-English and Malay-English 
bilinguals in the real word reading task of 80 monosyllabic words, regardless of 
how consistent or regular the words are, F(1,58) = .782, p = .380. If the Malay-
English bilinguals supposedly have better phonemic awareness, as shown 
previously, this enhanced grapheme-phoneme mapping ability of theirs did not 
give them any added advantage over the Mandarin-English bilinguals when 
reading the regular words. Similarly, it could also be that the Mandarin-English 
group utilised their relatively stronger visual coding skills to apply the lexical 
processing strategy, as a supplement to the phoneme decoding process, but this 
did not result in an advantage for exception or strange words.  
 One confounding factor is that these participants are receiving formal 
education, and some of the exception or strange words might have been included 
in their primary schools’ weekly spelling tests and would have been mastered by 
the students after some drill and practice prior to the study. As there is no 
standardised spelling list from the Ministry of Education, it will be difficult to 
eliminate this possibility as students from different schools would have been 
given different word lists.   
RQ2(ii): Do bilinguals with different home languages possess different abilities in 
Pseudoword reading? 
A 2 (language background as between variable) x 2 (Pseudoword type as 
within variable) mixed ANOVA was conducted.  This revealed a significant main 
effect of Pseudoword type, F(1,57) = 10.86, p = .002 (Real Pseudowords: M = 8.88, 
SD = 4.33; Pseudohomophones: M = 9.80, SD = 3.95) and a marginally significant 
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Language Background x Pseudoword type interaction  F(1,57) = 3.76, p = .06 
suggests that the different Pseudoword types have a different effect for the 
participants from the two contrasting language backgrounds. From Figure 4,  it could 
be observed that although the Mandarin-English group scored lower than the Malay-
English group for both types of nonwords, the disparity between their performance 
in decoding Pseudohomophones and that of the Malay group (Mandarin-English: M 
= 9.53, SD = 4.10; Malay-English: M = 10.07, SD = 3.85)  is smaller than the 
difference in decoding Real Pseudowords (Mandarin-English: M = 8.10, SD = 4.14; 
Malay-English: M = 9.69, SD = 4.44). 
Figure 4: Performance as a function of Language Background and Pseudoword Type in 
matched Mandarin-English and Malay-English bilinguals at Time 2. 
 
 
Most of the real pseudowords in the task were adapted from existing 
Regular Consistent English words and hence they can be pronounced by using the 
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have exhibited stronger phonemic awareness have performed significantly better 
than the Mandarin-English bilinguals. It is assumed that they rely more on the 
small grain size strategy to decode these pseudowords, hence accounting for their 
relatively superior performance in this task.  
 Based on the results, while both groups performed better in the 
Pseudohomophone reading task as compared to the Real Pseudoword reading 
task, the improvement in performance among the Mandarin-English bilinguals is 
greater than that of the Malay-English bilinguals.  With reference to the 
Convergent Skills of Reading model, Mandarin-English bilinguals as well as 
Malay-English bilinguals would be expected to use sublexical strategies to access 
the phonology lexicon to access the pseudowords since they do not exist in their 
orthographic lexicon. However, if the Mandarin-English bilinguals are using the 
small-grain size strategy to decode the pseudohomophones, why then would they 
not utilise it as efficiently in decoding the real pseudowords? How does having a 
phonological form in their lexicon aid them in decoding the pseudohomophones? 
Because the pseudohomophones have a phonological representation in the 
phonological output lexicon, it could well be that the Mandarin-English bilinguals 
were tapping on the phonological familiarity of Pseudohomophones at the whole-
word recognition level to decode the word, which is consistent with earlier 
findings (Goswami, et, al., 2001).  This is not surprising for children who are 
learning a relatively inconsistently orthography.  
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RQ3(i): What role does PA play in predicting the early English reading skills of 
young bilingual Singaporean students with different language backgrounds? 
 The relevant assumptions of the hierarchical regression were first tested 
prior to conducting a hierarchical regression. Bivariate correlations were then 
carried out to determine the associations between phonological awareness, 
English word and non-word reading and receptive vocabulary. Table 4 shows the 
inter-correlations between phonological awareness and overall English word and 
pseudoword reading.  
Table 3. Inter-correlations between Phonological Awareness (PA) and English Word 
(overall), Pseudoword Reading (overall) and Receptive Vocabulary For Mandarin-English 
(n = 30, Top Right) and Malay-English (n = 30, Bottom Left) Bilinguals. 
Variables 1 2 3 4 
1. PA-T1 -- .673**. 545** .245 
 















.720** .846** -- .541** 
4. BLAB-T1 .511** .522** .582** -- 
**p<.01 (two-tailed). df (Mandarin-English) = 30; df (Malay-English) = 30. 
Partial correlation analyses indicated moderate to strong relationships 
between variables (Table 3). A two-stage hierarchical regression was then employed 
as the method of data analysis, where receptive vocabulary (BLAB) is controlled at 
block 1 of the regression to control for any variance that could be due to vocabulary 
size of the learner. Phonological awareness was entered at block 2. The degree of 
collinearity for all regression analyses was found to be within acceptable ranges 
(tolerance > .739, variance inflation <1.35). The results of the hierarchical regression 
analyses are represented in Tables 4 and 5.  
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Table 4. Hierarchical Regression Analyses for PA predicting English word reading with 
BLAB as control variable (Step 1). 
 Variables Β SE t p Adj. R2 ∆ R2 
Mandarin-English        
Step 1       
      .25 .27*** 
 BLAB – T1 .67 .21 3.24 .003   
Step 2       
      .37 .14** 
 BLAB – T1 
 
.38 .22 1.74 .093   
 PA- T1 .69 .27 2.56 .017   
Malay-English        
Step 1       
      .28 .304*** 
 BLAB – T1 .99 .28 3.50 .002   
Step 2       
      .58 .308*** 
 BLAB – T1 
 
.74 .22 3.33 .003   
 PA- T1 1.11 .24 4.63 .000   
Dependent variable: Word Reading (overall) **p<.01; ***p<.001. 
 
Table 5. Hierarchical Regression Analyses for PA predicting non-word reading with BLAB 
as control variable (Step 1). 
 Variables β SE t p Adj. R2 ∆ R2 
Mandarin-English        
Step 1     .32 .339** 
 BLAB – T1 .58 .15 3.79 .001   
Step 2     .55 .241** 
 BLAB – T1 
 
.29 .15 2.00 .055   
 PA- T1 .70 .18 3.94 .001   
Malay-English        
Step 1     .26 .29** 
 BLAB – T1 .67 .20 3.34 .002   
Step 2       
        .41 .16** 
 BLAB – T1 
 
.52 .19 2.74 0.11   
 PA- T1 .57 .20 2.78 .010   
Dependent variable: Pseudoword Reading (overall) **p<.01; ***p<.001. 
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Results indicated that for the Mandarin-English group, PA scores at Time 
1 explained an incremental 14.2% of the variance in real word reading scores 
(overall), F(1, 27)= 9.55, p = .001, and an incremental 24.1% of the variance in 
pseudoword word reading scores (overall), F(1, 27)= 18.66, p = .001 above and 
beyond the variance accounted for by receptive vocabulary. 
As for the Malay-English group, PA scores at Time 1 explained an 
incremental 30.8% of the variance in real word reading scores (overall), F(1, 27)= 
21.29, p = .001, and an incremental 16.2% of the variance in pseudoword word 
reading scores (overall), F(1, 26)= 10.82, p = .001 above and beyond the variance 
accounted for by receptive vocabulary.  
Consistent with the literature, both the Mandarin-English and Malay-
English bilinguals showed that phonological awareness remains as a fundamental, 
foundational component of successful reading development and is a strong 
predictor of their reading performance of real words and pseudowords at Time 2. 
RQ3(ii): What role does Visual Memory play in predicting the early English 
reading skills of young bilingual Singaporean students with different language 
backgrounds?  
Table 6. Inter-correlations between Visual Memory (VPT) and English Word (overall), 
Pseudoword Reading (overall) and Receptive Vocabulary For Mandarin-English (n = 30, 
Top Right) and Malay-English (n = 30, Bottom Left) Bilinguals. 
Variable 1 2 3 4 
1. VPT –T1 -- .176 .136 .065 
 
















4. BLAB – T1 .267 .522** .582** -- 
*p<.01 (two-tailed). 
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Partial correlation analyses indicated moderate to strong relationships 
between variables (Table 6). A two-stage hierarchical regression was then employed 
as the method of data analysis, where receptive vocabulary (BLAB) is controlled at 
block 1 of the regression to control for any variance that could be due to vocabulary 
size of the learner. VPT was entered at block 2. The degree of collinearity for all 
regression analyses was found to be within acceptable ranges (tolerance > .940, 
variance inflation <1.064). The results of the hierarchical regression analyses are 
represented in Tables 7 and 8. 
Based on the results obtained, VPT scores were not significant predictors 
of both reading scores for all the simultaneous bilinguals in this study, as it does 
not significantly account for the variance in Experiment word and Pseudoword 
reading scores, above and beyond the variance accounted for by receptive 
vocabulary. 
Table 7. Hierarchical Regression Analyses for VPT predicting English word reading with 
BLAB as control variable (Step 1). 
 Variables β SE t p Adj. R2 ∆ R2 
Mandarin-English        
Step 1     .25 .270*** 
 BLAB – T1 
 
.67 .21 3.24 .003   
Step 2     .24 .019 
 BLAB – T1 
 
.62 .22 2.88 .008   
 VPT- T1 .82 .98 .84 .407   
Malay-English        
Step 1     .28 .304** 
 BLAB – T1 .99 .28 3.50 .002   
Step 2     .27 .020 
 BLAB – T1 
 
.97 .28 3.42 .002   
 VPT – T1 1.31 1.48 .89 .383   
Dependent variable: Word Reading (overall) **p<.01; ***p<.001. 
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Table 8. Hierarchical Regression Analyses for VPT predicting non-word reading with 
BLAB as control variable (Step 1). 
 Variables β SE t p Adj. R2 ∆ R2 
Mandarin-English        
Step 1     .32 .339** 
 BLAB – T1 .58 .15 3.79 .001   
Step 2     .33 .032 
 BLAB – T1 
 
.53 .16 3.36 .002   
 VPT - T1 .84 .71 1.18 .248   
Malay-English        
Step 1     .27 .292** 
 BLAB – T1 
 
.67 .20 3.34 .002   
Step 2     .25 .007 
 BLAB – T1 
 
.66 .21 3.23 .003   
 VPT – T1 .52 1.06 .49 .626   
Dependent variable: Pseudoword Reading (overall) **p<.01; ***p<.001. 
 
General Discussion 
The aim of this study was to investigate if there are differences among 
simultaneous bilinguals in Singapore with regard to their acquisition of English 
word reading skills. Based on previous studies, it is known that the first language 
of the learner affects the way the second language is acquired. However, when the 
learner is exposed to both languages concurrently, the two orthographies may 
impact the cognitive-linguistics skills in different ways, depending on the depth of 
the writing systems involved (Dehaene, 2009).  
More specifically, this thesis reports the results of a comparison between the two 
language groups, the Mandarin-English and Malay-English simultaneous 
bilinguals, in terms of their phonological awareness and visual memory, and their 
relative performances in reading real English words and pseudowords. In 
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addition, the predictive power of each of the two cognitive-linguistic skills in 
relation to word reading skills was explored. 
Previously, Ziegler and Goswami (2005, 2006) attempted within-language 
and cross-language comparisons of children’s performance in phonological 
awareness tasks, though they did acknowledge that a more direct examination of 
the bilingual phenomena is to look at children speaking more than one language. 
This study has undertaken this task, in examining the differences between the two 
main groups of simultaneous bilinguals in Singapore; the Mandarin-English and 
Malay-English bilinguals, in terms of their phonological awareness and visual 
skills.  
Using English as the target language for comparison, the effects of 
exposure to other languages, Mandarin and Malay, on the relative salience of 
lexical and sublexical knowledge needed for English word reading. 
Orthographically, the scripts of Malay and Mandarin are visually distinct and are 
derived from different language systems; the former alphabetic and the latter, 
logographic. Phonologically, Malay is a ‘shallow’, phonemic language in that it 
has a consistent grapheme-phoneme correspondence, while Mandarin is a 
morpho-syllabic tonal language. The aim of this study was to find out if the 
concurrent exposure to these two very different home languages with the English 
language, would affect their English word reading abilities.  In addition, this 
study seeks to find out if visual short-term memory or visual coding skills, which 
is crucial in learning Mandarin, have a more direct impact on English word 
reading among the Mandarin-English bilinguals. 
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(1) Metalinguistic comparisons between simultaneous bilinguals of different 
language backgrounds 
Given the structural and processing differentials in both the Mandarin and 
Malay languages, it would not be surprising if logographic and alphabetic scripts 
require different types of cognitive processing. It was proposed that logographic 
Chinese requires more visually orientated cognitive processing while alphabetic 
English taps on more phonologically orientated processing (Meuter & Ehrich, 
2012).  
However, for simultaneous bilinguals, the importance and significance of 
these skills depends on the linguistic properties of their languages and how they 
map onto each other. Taking into account the simple phonological structure and 
complex orthographic characters of Mandarin, the Mandarin-English and Malay-
English bilingual children are expected to develop differently in terms of 
phonological awareness and visual processing.  
Research in the realm of cross-linguistic transfer of cognitive-linguistic 
skills has demonstrated the high transferability rate of phonological awareness in 
bilingual learners (Durgunoglu, 2002). The Mandarin-English bilinguals in the 
current study, despite receiving some training in Hanyu Pinyin in the earlier 
weeks of their primary school education, did not seem to have gained the same 
mastery as the Malay-English bilinguals in terms of phonological awareness. 
After all, the Malay-English bilinguals have been exposed to two alphabetic 
languages since birth and could possibly have enhanced their phoneme awareness 
through their daily aural experiences. This small-grain size approach or sublexical 
cognitive ability is further enhanced as they are exposed to the respective 
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alphabetic scripts, as they make sense of how the phoneme-grapheme 
correspondence rules apply to orthography. 
In comparison, the simultaneous Mandarin-English bilinguals have less 
exposure to the phonology and orthography of an alphabetic language, assuming 
that they are exposed to a logographic language half of the time. In fact, they 
should have enhanced visual processing skills, since a review of literature has 
suggested that the daily use of Chinese characters, which is a writing system that 
maps language at the morphemic level, facilitates the recall of visual forms 
(Flaherty, 2003).  
Their experience of Hanyu Pinyin literacy may have aided them in their 
phonemic awareness to a certain extent, but not sufficient to foster the elaborated 
phonemic awareness necessary for English reading. Their relatively poorer 
performance in the phoneme deletion task also seems to suggest that they are 
accessing the target words at the larger-grain level (syllable), and not at the small-
grain size level. In addition, they have relatively superior visual coding skills, 
which could make up for the lack of phonemic awareness required to decode 
English words. 
Results obtained in this study lend further support to the above 
hypotheses, that early linguistic experiences of a simultaneous bilingual with 
contrasting linguistic properties may impact the development of the underlying 
subskills that support literacy.  According to Bialystok, Shenfield and Codd 
(2000), bilinguals might gain from the advantage of grasping the symbolic nature 
of sound-to-letter correspondence. However, this advantage will differ from 
bilingual to bilingual, as evidenced by the results in this study, depending on the 
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orthographic depth of their respective languages as the plethora of sounds in their 
respective two languages may correspond in a multifaceted manner in the two 
scripts.  
(2) Comparisons between Simultaneous Bilinguals of different language 
backgrounds in English word and non-word reading 
 
According to the Convergent Skills of Reading model (Vellutino, 2007), 
Visual Coding and Phonological Coding are two key antecedents feeding into Context 
Free Word Recognition, both mediated by several other abilities such as Visual 
Analysis and Phonological Awareness. The model also makes a distinction between 
learners at different stages in terms of the strength of the relationship between the 
variables. However, this model may not necessarily apply to bilinguals, due to the 
possible cross-linguistic transfers that may impact the strength of these inter-variable 
relationships.   
In this study, it is clear that the Mandarin-English bilinguals possess relatively 
stronger visual coding skills, which may have aided them in the context-free word 
reading task. At the same time, their phonological awareness is differentiated from the 
Malay-English bilingual group, in that they are likely to be operating more at the 
larger-grain size (syllable) level and not at the small-grain size (phonemic) level. 
Depending on the type of phonological awareness task given, the strength of the 
relationships is likely to differ, for the different bilingual groups.  
Results in this study also showed that both the Mandarin-English and Malay-
English bilinguals performed equally well in the decoding of English words, regardless 
of how consistent the word conforms to the Grapheme-Phoneme Conversion (GPC) 
rules. This result seems to suggest that regardless of the home language, these 
bilinguals eventually learn to decode the English words to a similar extent, though it is 
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unclear if it could possibly be attributed to the pedagogical efforts or teaching syllabus 
in the respective schools that the bilinguals are studying in.  This is one limitation of 
the current study; future attempts may wish to consider working with a slightly 
younger group (before formal schooling) or to control the sampling group such that 
words that have been explicitly taught in the classroom can be taken into account in the 
designing of the word list.  
A closer look at the two bilingual groups’ performance in decoding 
pseudowords shed more light on how the home language might have influenced the 
way these simultaneous bilinguals decode a novel word. The findings from the 
pseudoword reading eliminate the potential confounding variable of the pedagogical 
effect. The Malay-English group seems to depend on the non-lexical knowledge to 
decode the pseudowords in this study, most of which conform well to the GPC rules. A 
piece of evidence from this study is that they performed better than the Mandarin –
English bilinguals in the reading of real pseudowords. The Malay-English bilinguals 
who are attuned to an orthographically transparent language do not seem to 
differentiate between the real pseudowords and pseudohomophones, and rely mainly 
on the non-lexical approach to decode the letter strings, hence their comparable 
performance in decoding both types of nonwords.  
The Mandarin-English group, in contrast, was able to decode 
pseudohomophones better than the real pseudowords. This could be the evidence that 
they applied the larger-grain size (rime-analogy) approach more than using small-grain 
size in their decoding, unlike their Malay-English counterparts.   
In addition, in relation to the results obtained in RQ 1, the Mandarin-English 
group could have also tapped on their relatively superior visual memory to find the 
closest match in their orthographic lexicon and arrive at an approximate pronunciation 
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in their phonological output lexicon using an onset-rime analogy strategy. Assuming 
that they have heard the pseudohomophone before, since the word does have an 
existing phonological representation, the Mandarin-English group may have activated 
both the orthographic input lexicon and the phonological input lexicon, which may or 
may not feed into their semantic lexicon, before arriving at the phonological output 
lexicon. For example, the pseudohomophone ‘durt’ resembles the existing word ‘dirt’, 
both orthographically and phonologically. The Mandarin-English bilinguals could have 
approximated the pronunciation based on both inputs (visual similarity and aural 
memory). This process may or may not pass through the semantic lexicon, in that the 
bilingual may have heard of the word ‘dirt’ but not understand its meaning. Such a 
reliance on the visual coding route by these Mandarin bilinguals is not surprising; this 
is perhaps a seemingly parsimonious way for the Mandarin-English bilinguals to 
reconcile the visual rote-learning approach of Chinese reading to recognise Chinese 
characters with the decoding of words in the highly inconsistent orthography of 
English.  
Together, the findings make up the evidence that, depending on 
orthography and phonology of the languages learnt, the simultaneous bilinguals 
may use different strategies in decoding English words and non-words, despite the 
fact that both groups have been exposed to the phonology of the English language 
from birth. The Malay-English bilinguals might have perceived these two 
alphabetic languages, albeit of differing orthographic depth, as a single system and 
hence utilise the same strategy in reading the words in both languages. For 
example, some of the Malay-English participants pronounced the pseudoword 
‘kope’ as [koh-pee] like in Bahasa Melayu, instead of using the analogy approach 
to make it rhyme with the English word ‘cope’.  The Mandarin-English bilinguals, 
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on the other hand, given the contrasting orthographies of the two languages 
understudy, seem to have developed separate, independent systems in which the 
underlying cognitive-linguistic skills such as visual memory may influence how 
words are decoded in each language.   
The Mandarin-English group being able to read pseudohomophones better 
than real pseudowords as compared to the Malay-English group lends support to 
the fact that these bilinguals make use of both their aural and visual experiences 
when decoding new words. Beginning readers may have to tap on their visual skills 
to make approximate matching to words they have heard before but not seen in 
print. Through this lexical access route, these beginning readers begin to 
understand grapheme-phoneme correspondences, though the success of this 
depends largely on the transparency of the languages. The Mandarin-English 
bilinguals in this study seem to be doing just that, using their relatively stronger 
visual processing skills to enable to decode words that they have not seen before.  
 
3) Phonological Awareness and VPT as predictors of English word and non-word 
reading in Simultaneous Bilinguals 
Phonological awareness, a sublexical metalinguistic ability to reflect on 
the sound structure of a language, has been well established as one of the strongest 
predictors of future reading abilities in English among monolinguals and sequential 
bilinguals (Bradley & Bryant, 1983; Bryant, MacLean, Bradley, & Crossland, 
1990; Goswami & Bryant, 1990; Sneider, Kuspert, Roth, Vise, & Marx, 1997).   
Findings from the simultaneous bilinguals in this study have lent further 
support to existing literature, in that given their early concurrent exposure to two 
different languages, their phonological awareness skills are enhanced to support 
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their future reading abilities. This is the case even for the Mandarin-English group, 
where they have spent presumably half the time on learning a logographic 
language.  
After controlling for receptive vocabulary, hierarchical regression 
analyses results showed that visual memory is not a significant predictor of English 
word and non-word reading performance at time point 2. This could be due to the 
fact that these young simultaneous bilinguals have advanced from relying heavily 
on their visual skills and lexical knowledge as they gain greater competency in 
using their phonological awareness to access novel words, hence the reduction in 
the predictive power of using visual coding to aid English word decoding.  
Although the results from this study is unable to support the argument for a 
plausible direct route between Visual Coding and Context Free Word Identification 
in the Convergent Skills Model of reading development, it remains unknown if the 
coefficients between these two constructs will differ for simultaneous bilinguals of 
different language backgrounds. 
(4) Pedagogical implications and future directions 
 In this paper, the reading development among young bilinguals of 
different language backgrounds learning two languages concurrently has been 
discussed with reference to the Convergent Skills Model of reading and the 
Psycholinguistic Grain Size theory. It is noted in previous studies that bilingual 
children may not perform according to the age-based norms established by 
monolinguals: it largely depends on the linguistic domains being measured and 
whether the bilinguals are tested in their dominant language (Gruter, et al., 2014). 
In addition, the importance and relevance of the young bilingual’s pre-literate 
language exposure and proficiencies, as well as the relationship between the two 
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scripts and likelihood of strategy transfer must be taken into consideration. As the 
language repertoire of these simultaneous bilinguals expands, the development of 
the two language systems influences each other in tandem. Both groups of 
simultaneous bilingual learners in this study have shown that they possess the 
metacognitive skills and capacity to interact and manipulate sounds across the 
two languages.  
The results in this study have also demonstrated that despite being 
exposed to the English language from a young age, bilinguals with different 
language backgrounds grow up with different levels of cognitive-linguistic 
abilities, in particular, visual coding skills and phonological awareness. They may 
hence apply different strategies when decoding new words. This has important 
implications for educators, as they need to be cognizant of the different cognitive-
linguistic strengths of the different bilingual groups, and hence the possibility of 
these beginning readers using different strategies to tackle novel words. This will 
allow them to better understand the kinds of errors the respective groups make in 
English reading and take relevant steps to address them during their language 
acquisition process.  
Future studies may consider including more than one measure for each of 
the two independent latent constructs, Phonological Coding and Visual Coding in 
order to have a more comprehensive understanding of the differential routes to 
English word reading undertaken by bilinguals of different home languages. For 
instance, the use of the Gardner’s (1996) tests of Visual Closure, Visual 
Discrimination and Visual Spatial Relationship may be a more comprehensive 
test of the visual skills that underlie or support English word reading.  
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A comparison between Sequential Bilinguals and Simultaneous Bilinguals 
will also allow us to understand the implications of concurrent and subsequent 
exposure to two languages of different orthography depth.   
Finally, inclusion of the other significant bilingual group in our local 
context, the Tamil-English Simultaneous Bilinguals might provide further 
insights to the influence of home languages on the acquisition of English reading 
skills.  
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Appendix B: Experimental Reading Word List  
 
door  turn  give  fraud  
love  hope  none  front  
dead  step  touch  view  
food  race  broad  earth  
save  park  phase  sign  
bear  teach  foot  knife  
cook  clean  bowl  tongue  
sand  chain  sweat  laugh  
dare  shell  steak  limb  
roll  hunt  ghost  heir  
gown  grape  bush  choir  
leaf  plump  caste  sword  
moth  nod  sew  axe  
sour  mole  wand  rhyme  
dull  perk  wolf  cycle  
norm  rail  warn  guide  
dome  coin  monk  echo  
foul  gale  tomb  jinx  
yard  vein  chute  kiosk  
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Appendix C: Pseudoword Reading Word list  
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